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INTENDED LEARNING OBJECTIVES (ILO© 


By the end of this lecture the student will be able to: 


1.Describe the physiological anatomy of the 
neuromuscular junction 


2. Explain the mechanism of neuromuscular transmission 
3. Describe the properties of neuromuscular transmission 


4. Explain the pathophysiology of Myasthenia gravis 
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Neuromuscular junction = Motor end plat 
“MEP” 
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Neuromuscular junction = Motor end plate 


“MEP” 


% Skeletal muscles are innervated by 
large myelinated nerve fibers, originating 
from the large motor neurons of the 


anterior horn cell of the spinal cord 


“* Each nerve fiber branches many times 


to stimulate several skeletal muscle 


fibers 
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Neuromuscular junction = 
“MEP” 


“The site of junction between 
nerve and skeletal muscle fibers 
is called neuromuscular junction 
, which is mostly at the fibers 


mid point, so that the action 


Motor end plate 
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of the 
muscle fiber 
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Neuromuscular junction = Motor end an) 
“MEP” 


An action potential in rede fom each eon 
a motor neuron rapidl 
Spreads from the CNS 
to the skeletal musc 


In order for skeletal muscle cells to 
resin ue sale a in lated 
by a pro motor 


a oa mm mamae RAN a m NR NNN n ana me aae 


Endomysium 


terminal branches and lose 
its myelin sheath 


Fach of these 
axon terminals forms the 
neuromuscular junction 
with one of many muscle 

Foundation of Medical Cadet M`- fibers 
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Neuromuscular junction = Motor end plate 
“MEP” 


ROLE OF MOTOR NEURON 


Skeletal muscle cells are electrically 
insulated from each other by endomysiurm. 


In order for skeletal muscle cells to 
contract, each cell must be stimulated 
by a process ofa motor neuron. 


Muscle cell 
fiber) 


Endomysium 
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Neuromuscular junction = Motor end plate 
“MEP” 


NEUROMUSCULAR 
JUNCTION 


e axon termina 
arged into a knob lik 
structure, 
ae terminal buttg 


Synaptic 
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he terminal button 
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Neuromuscular junction = Motor end plate 
“MEP” 


NEUROMUSCULAR 
JUNCTION 


Synaptic vesicles containing 


acetyicholine 
Sarcolemma 


he specialized portion 
Of the muscle cell membrane 
mediately under the termina aL 
button is known as the =f fas 

Motor End Plate | 


Sarcomere 


N.B: 
Nerve and muscle cell do not 
come into direct contact at 
neuromuscular junction 
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Neuromuscular junction = Motor end plat 
“MEP” 


The nerve fiber branches at its end to form 
nerve terminals called the end plate , which 
invaginates into the muscle fiber, but it lies 
outside the cell membrane (no cytoplasmic 


continuity between the nerve terminals and 
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Neuromuscular junction = Motor end plate 
“MEP” 
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Enlarged view of the neuromuscular junction 


Figure 10-10b Principles of Anatomy and Physiology, 11/e 
© 2006 John Wiley & Sons 


Neuromuscular junction 


Figure 10-10a Principles of Anatomy and Physiology, 11/e 
© 2006 John Wiley & Sons 
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True Or False 
e There is a cytoplasmic continuity 


between the nerve terminals and 
muscle fibers 


FALSE E 
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Neuromuscular junction = Motor end piat@ 


“MEP” 
ee > 
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acetylcholine 


S 
ed 


Cat+ channels in the termina 
button open up 
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Neuromuscular junction = Motor end plate 
“MEP” 


This permits 
Ca++ to diffuse into nail Sa 
D terminal button from Na* channel acetylcholine S j Ca?* channel 
E Plas ia e X Se 1 zA P 
higher extracellular j TD oC 
concentration t9 A sT. )~ 


Diffusion 
of Cat+ into the 
terminal button causes 
release of ACh from 

vesicles into the 
cleft 


in the cleft binds with 
specific receptor sites 
which are unique to 
e motor end plate 
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Neuromuscular junction = Motor end plata 


“MEP” of 
Mitochondrion 
The space between the nerve terminals Synaptic cleft 
Junctional 
and muscle is called synaptic cleft , it is araona 
at motor en 
filled with a lot of cholinesterase enzyme e 
There are many mitochondria in the axon ” — 
terminals that supply energy mainly for ae Baer ™ 
synthesis of an excitatory transmitter, acetyl ===" Š Z pa 
choline , in the cytoplasm of the nerve < 3) A 13 if i 
terminals and rapidly absorbed into many ~- T SPY NS soe omy ; 
synaptic vesicles IW = — ZO pA 


© Elsevier. Guyton & Hall: Textbook of Medical Physiology 11e - www.studentconsult.com 
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motor neuron 
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Plasma membrane 
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channels [] Si Y 
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known as end plate potential crc or 
(EPP) 
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Motor end plate 
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Neuromuscular junction = Motor end plate, | 


Axon terminal of 
motor neuron 3 Action potential 
propagation 
in motor neuron 
P 


Terminal button 


Vesicle of 


Voltage-gated Voltage-gated 
Na* channel acetylcholine Ca** channel 


Action potential 


The EPP later on brings about 
Local current flow in the adjacent are 
reducing their membrane potential 
to firing where an action potential 
is generated and spread 
in the rest of the 
muscle membrane 


Fach action potential 
in nerve generates 
action potential in muscle 
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> Sudden entry of sodium ions into the muscle fiber 
decrease the membrane potential in the local area of the 
end plate, creating a local potential called the end plate 


potential (Partial depolarization of the membrane) 


>The end plate potential is a local unpropagated potential, 
when it reaches certain value called threshold potential it 


V FI 


fires the potential on both sides of the motor end plate, 
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Choose the correct answer 


e The end plate potential IS ............. 


l.a local potential 


2.an action potential 
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ACETYLCHOLINE BINDS +/- 
TO RECEPTOR SITES +j- 


Acetylcholine binds to o +o- 


the 


Acetylcholine 
molecule in 
synaptic clef 


Chemically 
regulated 
ion channel 


Fotassium ion 
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- + This causes the channels to open, 
Ft permitting an 


of potassium ions. 


+ This ion exchange causes a local 
; ofthe motor end plate. 


+ 
me 
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ofsadiumions anda TO RECEPTOR SITES IE 
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+ small of potassium ions. 


+ This ion exchange causes a local 
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Axon of motor neuro 
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he action potential in the muscle 
spreads along the muscle 
membrane on both sides of the 
motor end plate 


When the 
action potential reaches the 
T tubule it dips down the muscle 
fiber and causes release of 
Ca++ from the lateral sacs 
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uscle’s electrical response is turned off by an enzyme pres 
otor end plate membrane which inactivates acetylcholine ( 


This enzyme is the acetylcholinesterase (AChE) 


This terminates the action potential 
and response of the muscle cell 
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Fate of acetyl choline (Ach) B 


% Acetylcholine is rapidly destroyed (after one millisecond) from 


its release, by the acetyl cholinesterase enzyme in the cleft itself 
“ This short time is sufficient for acetylcholine to exit the 
muscle fibers 


% The rapid hydrolysis of acetylcholine prevents re-excitation of 


the muscle fiber after recovery from the previous action 
potential 
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ry for the mechanism of net 
transmission 


Axon terminal of 
motor neuron Action potential 
Myelin sheath propagation 

in motor neuron 


Terminal button 


Voltage-gated Vesicle of Voltage-gated 
Na* channel acetylcholine Ca?+ channel 


Plasma membrane Action potential 
of muscle fiber propagation 
in muscle fiber 


Contractile elements within musci 


Summary for the mechanism of neuromusc cular tran 
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Properties of neuromuscular transmissio B 


e Neuromuscular transmission occurs in one direction from 
the nerve to the muscle and not in the opposite direction 


Unidirection 


e There is some 
transmission 

° This time is used for release of acetylcholine, its passage across 

the o, oe ee eae to the age a as T outer 


delay about 0.5 msec. in neuromuscular 


NEC j c 
created till it reece: the firing level and an action pointe iS 


e The neuromuscular junction ‘is the first_ site 
neuromuscular system which suffer from fatigue 


in the 


Transmission of impulses at the MEP can be affected by 
certain drugs or diseases 
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Chemical Agani or Mechanism (block 


aAiearnca. L receptors mé MEP) 
TE ET ww Gs U1 WU E Veewepyew CIU iF” © kl 


If-produced antibodies inactive 


tylcholine receptor sites result 
in extreme muscular weakness 


| yasthenia gravis 
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Chemical agent or Mechanism 


Temporarily inhibit acetylcholinesterase 


Neostigmine e treatment of choice in myasthenia gr. 


idium botulinum tg Block release of acetylcholine 
No muscle activation 
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Complete 


° The drug of choice in treatment of myasthenia 


ONS: VS on arnt cusdaneeneie 


© It acts through..........cccceeseeeeeeeeeeees 
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Myasthenia gravis & its treatment ©) — 


| 1 1 BLOCKING AUTOANTIBODIES (Myasthenia gravis 
> An autoimmune disease in which some of the acetyl aai 


choline receptors are destroyed by circulating antibodies 


> Acetylcholine released by the impulses can’t produce an 


immediate effect and is destroyed by Acetyl cholinesterase 


E | 
t't A maey — i" i, i 


ii i i 
i| 
> Drugs which inhibit the action of acetylcholine esterase 
l Ani 
to ACHR 
and allow accumulation of adequate amounts of acetyl | hia 


choline to s timula te the remaining rece p tors can b e use d Muscle activation Muscle activation inhibited 


http://www.meduniwien.ac.at/typo3/ 
Ta ee aE es meine 
1 ] Jensen-Jarolim/Jensen-Jarolim _ y 
e. g - NEO stigmine Autoimmune-malignant.pdf 
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a Decture Quiz CO 


1. Which of the followings best describes the end- 
plate potential? 
Cj It is directly followed by contraction of skeletal muscle 
ers. 
2 It is rapidly propagated along the muscle surface. 
. It presents a localized state of depolarization at motor 


e nd plate. 
2e Ho? h slcholine excite.g musgle SRE? otor 


aitiqnitees the muscle fiber by endocytosis. 
b.it enters the muscle fiber through protein channels. 
Olt binds to receptors in the sarcolemma of the 
muscle fiber. 
‘ev "Git binds to a specifie'carriert'synaptic cleft. 
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SUGGESTED TEXTBOOKS 


USLME Step 1 lecture notes physiology 2017 


sharing 


Guyton and Hall Textbook of Medical Physiology 


Ganong’s Review of Medical Physiology, 25e. 
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Mippincort s Illustrated Review: Physiology 
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